ABSTRACT. The occurrence of hyperlipidemia and fat accumulation in certain tissues of premature newborn infants is known. Lecithin-cholesterol acyltransferase (LCAT) catalyzes esterification of free cholesterol and is important in the transport and disposal of lipids. Cord plasma LCAT activity of full-term newborn infants is nearly one-half of that present in the adult plasma. The present study also has found a significant positive correlation between cord plasma LCAT activity and gestational age of the newborn. The rat0 of circulating cholesterol ester to free cholesterol was significantly lower only in newborn infants with gestational age less than 32 wk, in comparison to full-term newborn infants or adults. LCAT deficiency and decreased cholesterol ester formation may be responsible for the inadequate lipid clearance in premature newborn infants. Recent studies have reported occurrence of hyperlipidemia and fat accumulation in certain tissues of premature newborn infants (1, 2). This incidence is greater in infants given lipid emulsions (3-6). Lipid emulsions are widely used in infants when adequate calorie intake cannot be achieved by oral feeding. The role of LCAT in the regulation of lipid metabolism has been extensively studied (7-9). LCAT esterifies free cholesterol to a cholesterol ester, utilizing the p-fatty acid of the lecithin molecule. Deficiency of LCAT both in humans and experimental animals has been shown to be associated with hyperlipidemia and fat accumulation in the tissues (10-15). The present study has found that premature newborn infants are deficient in LCAT. It is suggested that LCAT deficiency is a factor responsible for the hyperlipidemia and fat accumulation observed in these infants.
on Human Experimentation was obtained. Blood was collected into heparinized tubes within 4 h of delivery. Blood was centrifuged at 1000 x g a t 4" C for 10 min. Plasma was aspirated with a Pasteur pipette and frozen at below -10" C. All analyses were performed on frozen plasma samples. Gestational age of newborn infants was obtained from the log book of the delivery room after completion of all determinations.
Plasma LCAT determinations. Substrate for LCAT was prepared by incubating 10 pCi of 4-[14C]cholesterol (specific activity 59.4 mCi/mmol; New England Nuclear, Boston, MA) with 10 ml of heat inactivated normal human plasma (55" C for 30 min) in a shaking water bath for 3 h. Heat inactivated plasma containing [14C]cholesterol was then centrifuged for 10 min at 15,000 x g i n a refrigerated centrifuge, and the clear supernatant was used as substrate for enzyme assay (1 6). To 10-ml capacity glass tubes 200 p1 of substrate and 50 p1 of test plasma each were added. Control tubes contained only substrate. Tubes were incubated in a water bath at 37" C for 2 h. At the end of incubation, the reaction was stopped by adding 2 ml of methanol and mixing. Tubes were allowed to stand at room temperature for 15 min during which they were mixed at least three times. Then 2 ml of chloroform were added, and tubes were allowed to stand at room temperature for another 15 min with intermittant mixing. The tubes were then centrifuged at 1000 x g for 10 min. The supernatant was then decanted into another 10-ml glass tube and dried with a stream of nitrogen while keeping the tubes in a water bath at about 40" C. The dried lipid extract was dissolved in 100 pl of chloroform. The free and esterified cholesterol in the lipid extract were separated by TLC on silica gel G plates (Brinkman Instruments, Inc., Westbury, NY) with a solvent system consisting of petroleum etherletherlacetic acid (90: 10: 1, vlv) as described previously (17) . On some plates, standard cholesterol and cholesterol ester were also spotted as a marker. After developing the TLC plate, it was dried and then exposed to iodine vapors to visualize cholesterol and cholesterol ester spots. Lipid spots were encircled with a needle or lead pencil. The plate was allowed to stay at room temperature for about 4 h or preferably overnight to get rid of iodine, which otherwise may cause quenching of radioactive counts. The free cholesterol and cholesterol ester spots were scraped into counting vials and 5 ml of counting fluid was added (New England Nuclear).
[14C]radioactivity was determined with a Beckman LS-250 liquid scintillation system.
Lipid extraction and quantitation. Plasma lipids were extracted by the method of Folch et al. (18) , using the solvent system chloroform/methanol(2: 1, v/v). Cholesterol and cholesterol esters were separated as described above. Cholesterol was determined by the method Zlatkis et al. (19) . Statistical analyses were camed out as described by Colton (20) . Figure 1 shows the plasma LCAT activity of adults and fullterm newborn infants. Plasma LCAT activity in the newborn infants is nearly one-half of that present in the adults. Similar PREMATURITY AND LCAT DEFICIENCY that group. Differences in the values are statistically significant (P < Table 1 . Esterified cho/estero//'ee cho/estero/ ratio in the cord 0.00 I).
RESULTS
plasma of newborn infants
low levels of LCAT in the cord serum in comparison to adult serum has been reported by other investigators (2 1-23). Figure 2 illustrates cord plasma LCAT activity of newborn infants at varying gestational ages. There is a decrease in LCAT activity in the premature infants. Both linear (r = 0.95) and parabolic (r = 0.99) regression analyses show that LCAT activity has a significant positive correlation with the gestational age of the newborn. From linear regression analysis, it seems that LCAT activity starts appearing in the blood at gestational age of 26 wk.
LCAT activity also was assessed indirectly by quantitating the ratio of esterified cholesterol to free cholesterol in the circulating plasma. Table 1 shows that this ratio is significantly lower in the plasma of infants born at gestational ages less than 32 wk, in comparison to full-term newborn infants or adults (2.1 + 0.12). 
-
The mechanism of LCAT action has been reviewed (7-9). LCAT catalyzes the formation of cholesterol esters in the HDL fraction. The cholesterol esters formed are then transferred from HDL to the VLDL fraction in exchange for triglycerides. Thus, LCAT is important in decreasing the unesterified cholesterol and triglycerides of VLDL and low-density lipoproteins in the plasma.
The present survey has shown that premature newborn infants are deficient in LCAT. The LCAT activity has a positive significant correlation with the gestational age of the newborn. However, the ratio of esterified cholesterol to free cholesterol was significantly lower only in infants with a gestational age of less than 32 wk. This latter finding is consistent with our previous study (16) on the plasma lipids of an hereditary LCAT-deficient family, containing both homozygous with zero LCAT activity and heterozygous members with half-normal LCAT activity, in which we observed a near absence of cholesterol ester in the homozygous individuals but nearly normal cholesterol esterlfree cholesterol in the heterozygous individuals. The studies of hereditary LCAT deficiency and of newborn infants both suggest that a decrease in more than one-half of the normal adult levels of LCAT is required to disrupt the normal vrovortion of esterified . GESTATIONAL AGE, wks. suggest that deficiency of LCAT and reduced cholesterol ester formation in HDL may impair transport and disposal of cholesterol, triglycerides, and phospholipid, resulting in the hyperlipidemia and fat accumulation in the tissues of premature infants. Premature infants have reduced ability to oxidize fatty acids (27) , presumably due to low levels of carnitine (28) . The role of low levels of postheparin lipoprotein lipase in the hyperlipidemia of premature infants given lipid emulsion also has been suggested (25, 29) . Thus, inadequate lipid clearance in premature infants also could be due to the deficiency of any one of these lipid metabolizing enzymes. Exchange of triglycerides with cholesterol ester is essential for triglyceride release from the chylomicrons and subsequent hydrolysis to free fatty acids by lipoprotein lipase. Thus, plasma deficient in LCAT and cholesterol ester may not be optimal for the hydrolysis of triglycerides. Recently, Levene (30) has reported no relation between intrapulmonary fat accumulation and lipoprotein lipase activity in one of two premature infants who died after administration of fat emulsion. These indirect evidences suggest that LCAT deficiency might be crucial in the inadequate lipid metabolizing ability of newborn premature infants. cholesterol and free cholesierol in the The finding of LCAT deficiency in premature newborn infants Acknowledgments. The author is grateful to Mrs. E t h e l~n B. is of significance. On the I st day of life, with the sudden transfer LaHaye for her technical assistance and to Mrs. Kathy Jones for from the carbohydrate diet of the fetus to the fat diet of extrau-typing. terine life, fat becomes a major energy source for the infant. In some infants, particularly premature infants, adequate calorie REFERENCES intake be achieved because 
